Molecular tools help us deduce historical events such as vicariance, dispersal, gene flow and speciation. However, our inferences are inevitably linked to the nature of the characters that we use to infer history. For example, the difference in inheritance patterns of mitochondrial DNA (mtDNA) and nuclear DNA (non-recombining maternal vs. recombining biparental inheritance) may lead us to propose different intraspecific histories. The peninsula of Baja California of north-western Mexico, a region affected by a complex geological history involving temporary seaways, permits evaluation of differences between these character types. We sequenced 1966 bp of mtDNA to reconstruct the genealogical history of Urosaurus nigricaudus (black-tailed brush lizard) from samples spanning the entire peninsula. The genealogy revealed several deep divergences, congruent with temporary vicariance events in the mid-peninsular, Loreto and Cape regions, as well as a major split across the Isthmus of La Paz, possibly resulting from a late Miocene seaway. The results support an emerging picture of the historical biogeography of Baja California, which suggests that key vicariance events are older than commonly perceived. The maternal genealogy of U. nigricaudus sharply contrasts with variation in allozymes that suggests very little differentiation across mitochondrial breaks, consistent with a pattern of ongoing gene flow. We interpret this cytonuclear discordance in relation to the historical biogeography of the region.
INTRODUCTION
Our ability to use molecular tools to infer historical events such as vicariance, dispersal, gene flow and speciation is dependent upon our choice of characters with which to reconstruct history. Different types of DNA may suggest different scenarios, as evident at the interspecific as well as the intraspecific level (Nichols, 2001; Funk & Omland, 2003) . Central to this discussion is the distinction between mitochondrial DNA (mtDNA) and nuclear DNA based characters (Moore, 1995) and the extent to which intraspecific genealogies correspond to population history (Edwards & Beerli, 2000; Hudson & Turelli, 2003; Lindell, Méndez-de la Cruz & Murphy, 2005) . This debate is important, as more and more species are subjected to range-wide molecular analyses with the intent of addressing species history. mtDNA has largely been the tool of choice, mainly because of its hierarchical nature of maternal inheritance and relatively rapid rate of evolution, coupled with a good understanding of its genomic features (Harrison, 1989) . However, while these very features have been hailed as a proxy for understanding population divergence, even to the degree of blindly extrapolating population history from the geographical patterns of mtDNA genealogies, reliance on mtDNA alone is receiving increasing criticism (Rubinoff & Holland, 2005) . Further studies illuminating the distinction between mtDNA and nuclear DNA based characters are needed.
The peninsula of Baja California of north-western Mexico has a very complex geological history (Carreño & Helenes, 2002) , making it an interesting region for studying genetic patterns resulting from a vicariant history. [The state of Baja California on the northern half of the peninsula will herein be referred to as 'Baja California (Norte)']. This peninsula presents a virtually one-dimensional transect along which patterns in loci representing maternal and biparental histories can be evaluated. Recent molecular studies based on mtDNA have revealed deep genealogical divergences in numerous species along the peninsula (Upton & Murphy, 1997; Riddle et al., 2000b; Murphy & Aguirre-León, 2002; Lindell et al., 2005) . Congruent patterns among these genealogies suggest that historical seaways transversed the peninsula in at least two locations, temporarily separating populations. Secondary contact zones later formed when the populations reunited, as evident from the genetic breaks along the peninsula where highly divergent mtDNA lineages meet (Lindell, Ngo & Murphy, 2006) .
In a recent molecular study on the zebra-tailed lizard (Callisaurus draconoides; Lindell et al., 2005) , deep genealogical history based on mtDNA showed a clear discordance with low overall population differentiation in allozymes (Adest, 1987) . Such cytonuclear discordance may have various explanations, such as sex-differential dispersal or Haldane's rule. It remains unknown if cytonuclear discordance is common along the peninsula of Baja California, as C. draconoides is the only organism for which studies based on allozymes and mtDNA of comparable size are available. However, current evidence suggests that for most organisms gene flow is strong along the entire peninsula (Murphy & Aguirre-León, 2002) .
The black-tailed brush lizard, Urosaurus nigricaudus (Cope, 1864) , is a common phrynosomatid lizard in Baja California, ranging continuously from the southern tip of the Cape Region, northward into southern California (Fig. 1) . It is commonly found in trees [e.g. desert ironwood (Olneya tesota)] and large shrubs, but sometimes also among large boulders. A number of insular populations also exist in the Gulf of California (Grismer, 2002; Murphy & Aguirre-León, 2002 ). An allozyme-based study addressing population differentiation has already been conducted for Urosaurus in Baja California (Aguirre-León, Morafka & Murphy, 1999) . In this study, we used mtDNA sequences to investigate the genealogy of U. nigricaudus from the peninsula of Baja California and some adjacent islands. The history of maternal lineages was contrasted with the pattern of genetic variation in biparentally inherited allozymes. The mtDNA genealogy was also evaluated in the context of an older time frame for the geological evolution of the peninsula and its associated biota (Lindell et al., 2005 (Lindell et al., , 2006 .
MATERIAL AND METHODS

POPULATION SAMPLING
Tissue samples were obtained through our own fieldwork and donations. Twenty-nine specimens of Species range (shaded area) follows Stebbins (1985) and Grismer (2002) .
U. nigricaudus were chosen from a wide range of peninsular and insular populations (APPENDIX; Fig. 1 ). Several samples were very close geographically (i.e. same population), yet all were treated as individual operational taxonomic units (OTUs). Seven samples of Urosaurus graciosus, Urosaurus lahtelai and Urosaurus ornatus were used as a closely related outgroup (Mittleman, 1942; Wiens, 1993; AguirreLeón et al., 1999) . In addition, single specimens of Petrosaurus mearnsi, Petrosaurus thalassinus and Petrosaurus repens were chosen as distant outgroup taxa (Reeder, 1995; Reeder & Wiens, 1996) .
DNA EXTRACTION, AMPLIFICATION AND SEQUENCING
Laboratory procedures and data analysis follow those described by Lindell et al. (2005) for Callisaurus draconoides. Total genomic DNA was extracted from small amounts of ethanol-preserved liver or muscle tissue using a standard proteinase K extraction followed by phenol/chloroform purification (Sambrook, Fritsch & Maniatis, 1989) . The remaining lysis buffer was diluted 20 times in double-distilled water (ddH 2O) and used for subsequent amplification.
Two segments of the mitochondrial genome were amplified using the polymerase chain reaction (PCR): one cytochrome b region (cyt b; 1094 bp), which contained most (1045 bp) of the cytochrome b gene and a 31-bp segment of the threonine tRNA and an ATPase region (ATPase; 872 bp) containing 31 bp of the lysine tRNA, all (168 bp) of the ATPase 8 gene and all (682 bp) of the ATPase 6 gene. Primers used in this study were named by their occurrence on the light or heavy DNA strand and 3′ position in the Xenopus leavis mitochondrial genome (Roe et al., 1985) . Two primers were used to amplify cyt b: L16355 (5′-CCA TCC AAC ATC TCA GCA TGA TGA AA-3′)  and H17415 (5′-GTC TTC AGT TTT TGG TTT ACA  AGA C-3′) . Two primers were used for amplification of ATPase: L9839 (5′-AGC ACT AGC CTT TTA AGY T-3′) and H10710 (5′-GTG TGC TTG GTG TGY CAT T-3′). The ATPase primers were designed specifically for C. draconoides (Lindell et al., 2005) .
PCRs (25 mL) contained approximately 150 ng template DNA, 0.75 U Taq DNA polymerase (BoehringerMannheim), 320 mM dNTPs, 10 mM Tris-HCl, 1.5 mM MgCl2 and 10 pmol of each primer. A thermal cycler [GeneAmp PCR System 9700 (PE Applied Biosystems) or PTC 200 (MJ Research)] with the following conditions was used: one step of 94°C for 2 min; 39 cycles of 94°C for 30 s, 44-52°C for 45 s and 72°C for 45 s. After the final cycle, a prolonged extension step of 5 min was added. Amplified DNA was separated by electrophoresis on a 1% agarose gel and stained with ethidium bromide. DNA bands, visualized on a ultraviolet (UV)-light table, were excised and eluted using a Gene Clean II kit (Bio101) and re-suspended in 10-25 mL ddH 2O or spun down through a filter pipette tip for 10 min with the resulting solution used for sequencing reactions. Amplified DNA was sequenced using the Thermo Sequenase 33 P-labelled terminator cycle sequencing kit (Amersham). Sequencing was performed in both directions with the same primers used in the PCR amplification. In addition, L16676 (5′-TGA GGA CAA ATA TCC TTC TGA GG-3′; Fu, 1999) was used to sequence an internal section of the amplified cyt b fragment. This primer and L16355 are from regions that earlier have been established as conserved among a variety of vertebrates (Kocher et al., 1989) . Sequencing products were separated by electrophoresis on 6% polyacrylamide-7 M urea gels for 2-7 h at 65 W. The gels were then dried onto filter papers and visualized on autoradiograph films (Kodak) after 24-96 h exposure.
A large proportion of sequences were obtained using an ABI 377 Automated Sequencer, instead of the sequencing method outlined above, by utilizing the ABI Prism BigDye Terminator v 3.0 Cycle Sequencing Kit (Applied Biosystems) following the manufacturer's protocols. Amplified sequences derived for automated sequencing were cleaned using the QIAquick PCR Purification Kit (Qiagen) and sequencing products were cleaned using Centri-Sep Spin Columns (Princeton Separations).
Sequence data has been submitted to GenBank (accession nos EF653280-EF653357).
DATA ANALYSIS
General overview
Sequence data were entered into BioEdit 5.0.9 (Hall, 1999) . The near absence of insertions and/or deletions (indels) in cyt b and total absence in ATPase made it possible to align these sequences unambiguously by eye, with the exception of the non-coding region between the cytochrome b and threonine tRNA genes. The two data sets were exported into MacClade 4.05 (Maddison & Maddison, 2002) and then exported as nexus files into PAUP* 4.0b10 (Swofford, 2000) for phylogenetic analysis. The data sets were also combined using MacClade in order to reconcile them on a single set of solutions, following a total evidence approach (Kluge, 1989) . Values of pairwise proportional sequence divergence (p-distances) were obtained using PAUP*. The alignment of sequences used for analyses has been submitted to TreeBASE (study and matrix accession numbers are S1815 and M3321, respectively).
Tree searches
Genealogical history was evaluated using maximum parsimony. In our analyses, all characters were evalu-CYTONUCLEAR DISCORDANCE IN UROSAURUS NIGRICAUDUS 91 ated as unordered because there is no a priori reason to assume order of evolutionary change between the four nucleotide bases of DNA (Swofford et al., 1996) . To maximize the explanatory power of all lines of evidence, following reasons outlined by Frost et al. (2001) , all analyses were conducted using equal weighting of transversions and transitions. The phylogenetic analyses using PAUP* were conducted using a heuristic search, with random addition of sequences, one million replicates, retaining minimal trees only, using tree bisection-reconnection branch swapping saving multiple trees and collapsing zerolength branches.
Support
Nodal support was assessed with Bremer decay analysis (Bremer, 1988) using AutoDecay 4.0.2 (Eriksson, 1998) as implemented with PAUP* and with bootstrap analysis (Felsenstein, 1985) in PAUP* using 10 000 replicates. In both nodal support analyses, the heuristic search settings were identical to the phylogenetic analysis described above, except that the number of replicates was reduced to 10 000 and 100 for Bremer decay and bootstrap analysis, respectively.
RESULTS
SEQUENCE VARIATION
Nucleotide sequence length varied in cyt b because of indels that were chiefly located in the non-coding region between the cytochrome b and threonine tRNA genes, but also found within the threonine tRNA gene. Gaps were inserted to accommodate the alignment of conserved regions, resulting in a total of 1094 aligned positions. Nevertheless, 16 characters (positions 1048-1063) were excluded from further analysis because of uncertain alignment, limiting the data set to 1078 characters. Of these, 391 positions were variable (36.3% of total positions), among which 329 (30.5%) were potentially phylogenetically informative. Pairwise p-distances between the aligned sequences from cyt b revealed a large range in sequence divergence from 0.10 to 12.01% among ingroup specimens.
From ATPase, 872 homologous sites were examined. In total, 365 characters were variable (41.9% of total sites), with 296 (34.0%) being potentially phylogenetically informative. Pairwise p-distances between the aligned sequences from ATPase also revealed a large range in sequence divergence (0.12 to 12.15%).
Pairwise distances based on the combined sequences (1966 bp; Table 1 ) ranged from 0.27 to 11.44% sequence divergence.
GENEALOGICAL RELATIONSHIPS
The cladistic analysis of cyt b yielded 644 most parsimonious trees [MPTs; length 1003 steps, consistency index (CI) 0.540, retention index (RI) 0.805]. The analysis of ATPase resulted in four MPTs (length 815 steps, CI 0.606, RI 0.840). Individual analyses of the two gene segments were fully congruent with regard to genealogical relationships among distinct clades; only minor differences occurred among terminal branches of closely related specimens.
Cladistic analysis of the combined data set resulted in eight MPTs (length 1821 steps, CI 0.569, RI 0.820). In the strict consensus tree, the specimens of U. nigricaudus formed two major clades, each associated with Bremer decay (DI) values of at least 21 steps and bootstrap (BS) values of 100% (Fig. 2) . A Cape Region clade consisted of eight specimens including the sample from 75.3 km west of La Paz. In this clade, the specimen from Cabo San Lucas (Cabo subclade; C 2) was the sister lineage to the other seven specimens, which formed a well-supported main Cape Region subclade (C1). The sister group to the Cape Region clade consisted of all other specimens, including the remainder of the peninsula and all insular samples. In this clade, the two specimens of the islands of Isla San José and Isla San Francisco (I) formed a sister group to the remaining specimens. They in turn formed three distinct subclades supported by DI values of 12 or higher and BS values of 99 or 100%: a northern subclade (N) composed of three samples from Jacumba of southern California southward to El Arco midway on the peninsula; a mid-southern subclade (S 1) consisting of samples of the nearby region from 113 km south of Guerrero Negro southward to 2 km north of Loreto; and a deep southern subclade (S2) including samples from Nopoló (just south of Loreto) southward to 78.2 km west of La Paz. Of these three groups, the northern subclade grouped with the deep southern subclade, suggesting an unanticipated genealogical connection between geographically distant samples along the peninsula. The node uniting these two subclades was, however, relatively weakly supported (DI 3, BS 60) and was collapsed in the strict consensus tree, which emphasizes the genetic discontinuities along the peninsula (Fig. 2) .
Genealogical breaks between the nearby groups along the peninsula were associated with deep divergences (Table 1 ). The genealogical breaks of the Isthmus of La Paz, the mid-peninsula, Loreto and on the Cape Region (a, b, c and d, respectively, in Fig. 1 ) showed a sequence divergence of 11.02, 4.54, 4.12 and 7.41%, respectively (represented by the divergence between the most closely located specimens on either side of a break). The divergence between the two insular specimens of Isla San José and Isla San Francisco and the specimen from San Pedro de la Presa on the adjacent peninsula was also substantial, averaging 6.93%. (Nei's D; Nei, 1978) based on allozymes and reported by Aguirre-León et al. (1999) are given below the diagonal for populations corresponding to localities of the present study. Specimens were selected based on relevance to the genealogy (see Fig. 2 ) and geographical location ( Fig. 1 ) to facilitate comparison with allozyme data of Aguirre- León et al. (1999) . Locality comparisons with both allozyme and mtDNA sequence data are in boldface; comparisons across genealogical breaks discussed in the text appear on shaded backgrounds.
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DISCUSSION GENEALOGICAL HISTORY The geographical patterns of mtDNA genealogies are tightly linked to female history, including dispersal patterns (cf. Lindell et al., 2005) . While the status of mtDNA as a non-recombining, strictly maternally inherited molecule is receiving increasing criticism (Bromham et al., 2003; Tsaousis et al., 2005) and S2 clades was weak and has been collapsed for simplification and to emphasize the genetic discontinuities along the peninsula (see RESULTS).
assume that no departure from the traditional view of mtDNA transmission affects the main conclusions of our discussion. The deep genealogy of U. nigricaudus implies a long evolutionary history. The break across the Isthmus of La Paz (11.02%; Fig. 1 ) stands out, representing a magnitude of divergence most often associated with interspecific or higher differentiation. This deep genealogical split in mtDNA may be associated with disruption in gene flow and hence population differentiation, a common feature of secondary contact zones showing deep mitochondrial divergence (e.g. Szymura & Barton, 1991; Szymura, Uzzell & Spolsky, 2000; Phillips, Baird & Moritz, 2004) . In fact, the populations on either side of the Isthmus of La Paz have historically been recognized as different species; U. nigricaudus (sensu Cope, 1864) of the Cape Region and U. microscutatus (sensu Van Denburgh, 1894) inhabiting the remainder of the peninsula. Later authors agreed with this distinction based on analyses of morphological characters (Mittleman, 1942; Rau & Loomis, 1977; Wiens, 1993) . However, data also indicate a clinal pattern in morphology across the Isthmus of La Paz, suggesting mixing of gene pools northward to San José de Comondú (Wiens, 1993) Table 1 ), suggesting no or negligible population differentiation across the mtDNA breaks. The phylogenetic analysis of allozyme alleles (Murphy, 1993) also indicated allelic dispersion, both across the Isthmus of La Paz and the mid-peninsula (Aguirre- León et al., 1999) . In summary, compelling evidence from the studies representing biparental inheritance imply ongoing gene flow and lack of population differentiation across areas of large genealogical discontinuities. Indeed, a pattern of ongoing gene flow appears true for most other species of vertebrates on the peninsula (Lawlor et al., 2002; Murphy & AguirreLeón, 2002; Lindell et al., 2005) . Hence, despite the unusually deep mtDNA genealogy of U. nigricaudus, the current taxonomy (sensu Aguirre-León et al., 1999 ) is supported.
HISTORICAL BIOGEOGRAPHY 'The history of the Gulf of California will be better understood when the data from sedimentology, palaeontology, structural geology, geochemistry and geophysics are integrated. ' Smith (1991: 662) Studies in geology and related fields such as sedimentology and palaeontology have significantly increased our understanding of the history of Baja California, including its biota. However, genetics, in particular the genealogical history of mtDNA lineages, can assist our understanding of the historical biogeography of Baja California. In fact, genetics may provide clues to the history of the peninsula not discernable from other data. Unfortunately, biogeographical syntheses have largely mapped genetic evidence onto an existing geological model (e.g. Murphy, 1983b; Grismer, 1994; Riddle et al., 2000b) . Similarly, interpretation of genetic data has commonly relied on the vicariant history hypothesized in the influential study on Uta stansburiana by Upton & Murphy (1997) , which suggested that the mid-peninsular region of Baja California was temporarily submerged 1 Mya. Many studies have therefore focused their discussion on patterns of Quaternary and, to a lesser degree, Pliocene age.
The strong emphasis on Plio-Quaternary history in genealogy-based studies is somewhat surprising as geological, sedimentary and palaeontological data all point to a significantly older age of the Gulf of California, which also encompasses Miocene events. During the middle Miocene (14-16 Mya) the sea invaded the Gulf of California region through the Cabo Trough, which at that time was positioned next to the Mexican mainland (Smith, 1991) . Marine sedimentary rocks have been found on Isla Tiburón in the northern half of the present gulf, for which radiometric and palaeontological data suggest a middle Miocene (12-13 Mya) age (Smith et al., 1985; Smith, 1991) . In fact, 'faunal distributions and radiometric data show that an early gulf similar in extent to the present one existed as early as 13 Mya . . .' (Smith, 1991: 638) . Can the temporal discrepancy between genealogical and other data be resolved, or is the evidence of older events in the biogeography of Baja California lost in genealogical data?
Deep genealogies revealed in common, widespread species are important in trying to resolve the full CYTONUCLEAR DISCORDANCE IN UROSAURUS NIGRICAUDUS 95 span of the historical biogeography of Baja California and the associated Gulf of California. Because of the complex historical area relationships among portions of the peninsula, including its adjacent islands, the history of the peninsula must be evaluated by the relative timing of genealogical splits. DNA divergence data alone are too inaccurate to resolve the complicated history (Ayala, 1999; Lindell et al., 2006) . The genealogical data must also be interpreted alongside current information from other fields of research. Specifically, genealogical splits inferred to be related to known geological events, such as seaways or the formation of deepwater islands ('genealogical anchors'; Lindell et al., 2005) , may allow sufficient temporal detail for biogeographical hypotheses. Following this approach, Lindell et al. (2005) evaluated the genealogy of C. draconoides in conjunction with those of other species and recent geological and palaeontological data. They suggested that the historical biogeography of Baja California, and hence the evolution of the peninsular biota, results from events that are older than generally perceived. The unusually divergent mtDNA genealogy of U. nigricaudus may add to this approach, as it might elucidate events related to the early evolution of the Gulf of California. Here, we provide an interpretation of the genealogy of U. nigricaudus in relation to other genealogies and current research from geology, sedimentology and palaeontology.
The genealogy of U. nigricaudus mirrors those of C. draconoides and additional species discussed by Lindell et al. (2005) , suggesting that biogeographical patterns involve a significant signal of Miocene events. In U. nigricaudus, the deepest break is across the Isthmus of La Paz (line a in Fig. 1 ). The relative timing of this break implies an older split than the commonly documented mid-peninsular divergence. Such a pattern has previously been observed by Riddle et al. (2000b) in the genealogy of Chaetodipus arenarius, which revealed a very deep genetic discontinuity in mtDNA (12.8% divergence in cytochrome oxidase III) across the Isthmus of La Paz [see Murphy (1983a) for a similar scenario based on allozyme data]. Congruent genealogical patterns have also been found in scorpions (Centruroides exilicauda; Gantenbein, Fet & Barker, 2001 ) and leaf-toed geckos (Phyllodactylus; Murphy et al., unpubl. data) , suggesting a common vicariant history.
Support for an old seaway across the Isthmus of La Paz from other fields remains inconclusive. While the Isthmus of La Paz is a low-lying area between the mountainous Cape Region to the south and the ridges of Sierra de la Giganta to the north, there is no evidence for continuous marine sediments across the peninsula at this location. In a detailed geological examination of Baja California Sur, Hausback (1984) described extensive sedimentary deposits across the Isthmus of La Paz. While most of the sedimentary material is of terrestrial (i.e. non-marine) origin (Hausback, 1984; pers. comm.; Smith, 1991) , evidence for marine sediments exists. On the western side of the Isthmus of La Paz, near El Cien, older rocks are uncomformably overlain by shallow marine deposits of late Miocene to Pliocene origin (Heim, 1922; MinaUhink, 1957; Smith, 1992; Helenes & Carreño, 1999: 594) . Geological data also have indicated a fault zone (the La Paz fault) at the very southern reaches of the Isthmus of La Paz (Beal, 1948; Hausback, 1984) . The Cape Region appears to have moved north-eastward by approximately 50 km along this fault (Hausback, 1984; Lonsdale, 1989) , implying that the Isthmus of La Paz was markedly narrower up to at least late Miocene times. These data have been interpreted as the existence of a shallow marine seaway during Miocene that separated the geographical ranges of multiple species into an isolated Cape Region and northern populations (Schwennicke, González-Barba & DeAnda-Franco, 1996; Carreño & Helenes, 2002: 31) . The implied date is older than a late Miocene mid-peninsular seaway (Lindell et al., 2006) . Nonetheless, further evidence, including additional mtDNA genealogies, is needed to address the existence of a Miocene seaway across the Isthmus of La Paz.
In U. nigricaudus, the lineages found on Isla San José and Isla San Francisco are also older than the mid-peninsular break, suggesting an old split from the mainland. This pattern is somewhat surprising as the deepest water depth between the islands and the peninsula currently is 60 m (Carreño & Helenes, 2002; Murphy & Aguirre-León, 2002) . Hence, barring a deeper canal depth in the past (which is possible if sedimentation has been extensive), the islands repeatedly experienced land-bridge connections to the peninsula during Pleistocene glacial periods when eustatic sea levels were lowered by 120 m or more compared with the present (Rohling et al., 1998) . However, the old lineages may have survived since the initial separation of the islands from the peninsula. Geological data suggests that Isla San José started to separate from the peninsula during late Miocene by fault lines opening up the San José Canal from the north and was fully separated from the peninsula in early Pliocene (A. L. Carreño, pers. comm.; Puy-Alquiza, 1992; Drake & Umhoefer, 2003) . The islands may have been isolated for a long period before Pleistocene sea level changes periodically reconnected it to the peninsula. Alternatively, this haplotype group originated on the peninsula before the isolation of the islands. This implies that at least two old lineages are coexisting on the peninsula adjacent to Isla San José. However, this scenario seems unlikely as extensive sampling (N = 133) of the Isthmus of La Paz break and nearby regions suggests that two lineages meet in a very narrow contact zone, with neither of them being of the island haplotype group (Lindell & Murphy, unpubl. data) . The available evidence therefore supports a scenario by which the insular lineages resulted from an old split of Isla San José and Isla San Francisco from the mainland. Nevertheless, further sampling of these islands may reveal the coexistence of this old haplotype group with lineages from the adjacent peninsula, following land-bridge dispersal events during glacial periods.
The mid-peninsular break (line b in Fig. 1 ) has been central to the discussion of a cryptic vicariant history of Baja California. Indeed, the first published genealogy for a peninsular species (Uta stansburiana; Upton & Murphy, 1997 ) revealed a deep split midway on the peninsula. Upton and Murphy argued that a vicariant history involving temporary submergence of the mid-peninsula had produced this pattern. They cited geological sources (e.g. Moore, 1973) and hypothesized a temporary mid-peninsular seaway of Pleistocene age. Subsequent mtDNA genealogies from numerous taxa, including lizards (Petren & Case, 1997; Radtkey, Fallon & Case, 1997; Lindell et al., 2005) , snakes (Rodríguez-Robles & De Jesús-Escobar, 2000), mammals (Riddle, Hafner & Alexander, 2000a; Riddle et al., 2000b; Whorley, Alvarez-Castañeda & Kenagy, 2004) , birds (Zink, Blackwell & Rojas-Soto, 1997; Zink et al., 2001 ) and arthropods (Crews & Hedin, 2006) , has corroborated the mid-peninsular seaway hypothesis. In fact, species that lack this genealogical break are few (Wong, Grismer & Hollingsworth, 1998; Zink et al., 2000; Jaeger, Riddle & Bradford, 2005) . Following a reinterpretation of genealogical data in conjunction with new findings in geology, Lindell et al. (2005) suggested that the midpeninsular vicariance event may have occurred 7 Mya during late Miocene. Marine submergence was extensive in the mid-peninsular region at this time and geochronology of sediments in the Santa Rosalía region point to an onset of marine deposition at 7.1 ± 0.05 Mya (Helenes & Carreño, 1999; Holt, Holt & Stock, 2000; Carreño & Helenes, 2002) . Authors of subsequent studies have reiterated this conclusion when evaluating genealogical patterns (Crews & Hedin, 2006) . The genealogy of U. nigricaudus supports this older scenario.
The genealogy of U. nigricaudus is also consistent with a 'Loreto break' (line c in Fig. 1 ), as found in C. draconoides (Lindell et al., 2005) , Aspidoscelis hyperythra (Radtkey et al., 1997) and Uta stansburiana (Hollingsworth, 1999; Lindell et al. unpubl. data) . Detailed studies of the Loreto basin have revealed substantial deposition of marine sediments of Pliocene origin (McLean, 1988 (McLean, , 1989 Umhoefer, Dorsey & Renne, 1994; Dorsey, Stone & Umhoefer, 1997) . The area was submerged approximately 3.4-2.0 Mya (McLean, 1988; Umhoefer et al., 1994) . No geological evidence points towards a transpeninsular submergence at the level of Loreto. Nevertheless, given the dramatic topography of the adjacent Gulf Escarpment, which forms the eastern side of the Sierra de la Giganta, the congruent genealogical breaks are likely the result of restricted latitudinal dispersal during this Pliocene inundation event (Lindell et al., 2005) .
The genealogical break in U. nigricaudus further south on the Cape Region (area d in Fig. 1 ) also appears to follow a vicariant history. Sedimentary evidence points to an extensive submergence of the San José del Cabo Trough near the tip of the Cape Region (McCloy, 1984a, b; Martínez-Gutiérrez & Sethi, 1997) . Depositional character of these sediments suggests that marine inundation was extensive during late Miocene and early Pliocene, as implied by deposition of deep-water (c. 200 m) sediments between 6.5 and 3.2 Mya (McCloy, 1984b; Carreño, 1992) . The exact extent of this submergence is difficult to determine, but it may have completely isolated the very south-eastern portion of the Cape Region or at least come close to doing so (Martínez-Gutiérrez & Sethi, 1997; Carreño & Helenes, 2002) . Urosaurus nigricaudus was likely affected by this event and dispersal of a divergent maternal lineage to Cabo San Lucas (specimen 29 in Fig. 1 ) following complete or near isolation is possible. If this scenario is true, U. nigricaudus must also have continuously inhabited the Cape Region following this vicariant event, as any local extirpation as a result of range shifts would have erased the genealogical break. This suggests that climate fluctuations during the Quaternary (Shackleton et al., 1984) did not substantially shift the range of U. nigricaudus, at least not in this area. Similar patterns exist in C. arenarius (Riddle et al., 2000b) and Phyllodactylus (Murphy et al. unpubl. data) . Additional studies are needed from the southern portion of the Cape Region to substantiate the existence of this 'Cabo break'.
AN EMERGING PICTURE OF PENINSULAR
BIOGEOGRAPHY
The combined analysis of deep mtDNA genealogies and evidence from geology, stratigraphy and palaeontology provides an emerging picture of the historical biogeography of Baja California as much deeper than commonly believed. The deeper biogeographical history suggested by this and other mtDNA genealogies (Lindell et al., 2005) also fits a time frame for the overall history of the peninsula and the Gulf of California; the mouth of the gulf opened sufficiently early and was followed by the development of an extensive gulf prior to the scenario described herein and by Lindell et al. (2005) . Additional genealogies of organisms with a long history in the area will help further clarify the older components of the historical biogeography of Baja California, possibly including the opening of the gulf itself (14-16 Mya; Smith, 1991) .
With a more detailed picture of the historical biogeography of Baja California emerging, it will be possible to investigate the possibility of recurring seaways, which may have inundated the Isthmus of La Paz at drastically different times, during Miocene and Quaternary. We will also have a better foundation for understanding the effects of a vicariant history on the regional fauna. For example, genealogical data already show that rates of evolution differ among taxa affected by the same vicariance events. Similarly, it is becoming increasingly clear that the maternal histories deduced from deeply divergent mtDNA genealogies are not echoed by congruent patterns in biparental histories, despite the vicariant history of the region.
MATERNAL AND BIPARENTAL HISTORIES
Baja California offers a template for understanding the disparate histories of maternal and biparental inheritance as shaped by temporary vicariance. Species with a long and fragmented history commonly show divergence both in mtDNA and allozymes (e.g. Szymura et al., 2000 , e.g. Alexandrino et al., 2005 . In U. nigricaudus, the overall population differentiation suggested by allozyme variation (Aguirre- León et al., 1999) seems to agree with the deeply divergent history of maternal lineages. However, allozyme differentiation is comparatively limited across the deep mitochondrial breaks found along the peninsula (cf. Jockusch & Wake, 2002) . Instead, biparental differentiation is more apparent in other regions along the peninsula (Table 1) . This cytonuclear discordance is most obvious for the highly divergent (11.02%) mitochondrial break across the Isthmus of La Paz, for which virtually no population differentiation exists in allozymes [Nei' s D = 0.001 between La Paz and San Pedro la Presa of Aguirre-León et al. (1999) ]. Similar cytonuclear discordance has recently been found in C. draconoides (Lindell et al., 2005) , indicating ongoing gene flow along the peninsula.
What may account for the cytonuclear discordance seen in U. nigricaudus? In general, temporary vicariance events may have been long enough to produce initial divergence in mtDNA, but too short for differentiation in allozyme loci. Such a difference follows the significantly lower effective population size of mtDNA and shorter coalescence time compared with nuclear DNA (Moore, 1995) . Sufficient isolating barriers to drive speciation did not develop during isolation, so that, upon secondary contact, the populations were reunited and gene flow resumed. If this is the case, then an approximation of mtDNA differentiation with biparental population divergence is clearly erroneous.
Following reunion of the populations, several factors may have affected the sharing of genes and hence shaped the cytonuclear discordance. Sexdifferential dispersal may allow for nuclear gene flow in the absence of mitochondrial introgression. Malemediated gene flow has been implicated in other studies (Helbig et al., 2001; Jockusch & Wake, 2002) . Unfortunately, little is known about the sex-specific dispersal patterns in U. nigricaudus. The reduced viability or fertility of the heterogametic sex, known as Haldane's rule (Haldane, 1922) , can also lead to cytonuclear discordance (Saetre et al., 2001) . However, indirect evidence suggests that males, not females, are heterogametic in U. nigricaudus (Sites et al., 1992) . Female behaviour could perhaps restrict the dispersal of opposing mitochondrial lineages if females are more prone to accept closely related females. Finally, the co-evolution among mitochondrial and nuclear gene products for function in the electron transport system of mitochondrial membranes (Rand, Haney & Fry, 2004 ) may affect contact zones; mitochondrial introgression may be limited into a population containing maladaptive nuclear genes. Such linkage disequilibrium could be largely restricted to the nuclear genes with which mitochondrial genes must work, while still allowing for gene flow of non-linked parts of the nuclear genome (Bengtsson, 1985; Martinsen et al., 2001) .
The cytonuclear discordance is most striking across the Isthmus of La Paz, with no allozyme differentiation across a deeply divergent and narrow mtDNA break (Lindell & Murphy, unpubl. data) . While limited population differentiation, such as that over the Isthmus of La Paz, may be indicated as a result of low overall levels of allozyme variation, this is not the case in U. nigricaudus. Therefore, this type of contact zone is perhaps best characterized as a 'maternal boundary', emphasizing the distinct histories between mitochondrial and biparental modes of inheritance. We are currently performing a more detailed study to further address the genetic interactions at this mitochondrial secondary contact zone and the possible causes of cytonuclear discordance.
While mtDNA is an excellent tool with which historical biogeography can be addressed, mtDNA-based phylogeography appears an inappropriate tool from which to infer biparental population differentiation. Likewise, the use of mtDNA data alone in delimiting species (DNA barcoding; Herbert et al., 2003; Baker & Bradley, 2006) appears unsuitable for a fauna that has been deeply affected by cryptic vicariance events, such as that of Baja California (Riddle et al., 2000b) . Hence, as increasingly recognized, any study addressing population differentiation and gene flow should, at least partially, be based on nuclear-encoded characters. Additional data based on nuclear DNA, including faster evolving microsatellite DNA loci, will provide a more detailed picture of population history, gene flow and cytonuclear discordance in U. nigricaudus (in progress).
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